Encapsulation of Heavy Metal Phosphate Nanophases in Vitreous Silica for
Basic Research Studies and Nuclear Waste Storage

Metal-rich nanophases in vitreous silica with unusual optical properties are being created and
investigated as a part of a fundamental effort to understand aggregation phenomena in our Office
of Basic Energy Sciences work. These phases are also the basis for a novel nuclear waste form
that is being developed in our Nuclear Energy Research Initiative program. The basis of these
materials is a chemically functionalized, highly porous silica that is termed Diphosil. Chiarizia
and coworkers created Diphosil as an ion exchange material that strongly and selectively sorbs
highly charged metal ions, such as actinides, from acidic aqueous solutions [1]. Diphosphonic
acid groups dispersed in Diphosil are responsible for the metal ion chelation.

Our research has shown that heating metal ion-loaded Diphosil in air at elevated temperatures
oxidizes the functional groups thereby volatilizing the organic species and converting the
phosphonic acid groups to phosphoric acid that will react with metal ions within the pores of the
silica [2]. Further heating causes pore collapse that encapsulates and chemically fixes the metal
ions, as phosphates, in vitreous silica. Our laser photophysics studies and small angle neutron
scattering studies at IPNS provided clear evidence for the nanophase character of metal ion-
loaded thermally densified Diphosil. Furthermore, the nanophases are inaccessible to water and
their size is strongly dependent on the type of metal ion. These results have direct impact on
development of Diphosil and related phases for nuclear waste treatment and subsequent storage.
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fundamental insight into pore collapse and subsequent aggregation and nanophase formation in
heavy metal ion-loaded Diphosil that is undergoing thermal densification.
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